ABSTRACT Eleven consecutive patients with idiopathic dilated cardiomyopathy and spontaneous, sustained ventricular tachycardia (VT) 2.4 antiarrhythmic drugs were evaluated by programmed stimulation, including at least one experimental agent in eight patients. In nine of 11 patients VT remained inducible on all drug therapy. During a mean follow-up period of 21 14 months there were four sudden deaths and two patients with recurrences of VT. In all six patients with sudden death or recurrence of VT, the arrhythmia remained inducible on drug therapy. Three patients who died suddenly had a hemodynamically stable, induced tachycardia on antiarrhythmic therapy. Of eight patients treated with amiodarone, only two were successfully treated. We conclude that in patients with sustained VT and idiopathic dilated cardiomyopathy, VT can be induced by programmed electrical stimulation. VT will usually remain inducible on antiarrhythmic therapy, and sudden death can occur despite slowing and improved tolerance of the induced arrhythmia. Amiodarone may have limited efficacy, and more aggressive therapy, such as surgery or implantation of an automatic internal defibrillator, should be considered in this patient population.
PROGRAMMED electrical stimulation and the response to serial antiarrhythmic drug testing have been demonstrated to be helpful in the management of sustained ventricular arrhythmias associated with coronary artery disease.1 Few studies have assessed the response to programmed stimulation in patients with sustained ventricular tachycardia (VT) in association with other disease states.t6 The experience in patients with nonischemic congestive cardiomyopathy is especially limited.7 1 In this study we describe the clinical and electrophysiologic features of 11 consecutive patients with sustained VT and idiopathic dilated cardiomyopathy.
Methods
Patients. There were six men and five women included in the study group, ranging in age from 27 to 74 years (mean 49). All patients had documented sustained VT and met the following criteria for idiopathic dilated cardiomyopathy: (1) ejection fraction <45% and absence of segmental contraction abnormalities by cardiac catheterization (six patients), radionuclide angiography (four patients), or two-dimensional echocardiography (one patient),9 and (2) absence of significant coronary stenosis as determined by coronary arteriography (nine patients) and absence of classic angina or history of myocardial infarction (two patients). In addition, no patient had evidence of valvular heart disease on noninvasive or invasive testing. The etiology of cardiomyopathy was unknown in all 1 1 patients. The Patients underwent repeat programmed stimulation after at least five half-lives of selected antiarrhythmic drugs. Routinely, antiarrhythmic agents were administered in the following manner. Procainamide was given either as an intravenous infusion at a rate of 50 mg/min to a total dose of l to 2.5 g or orally at a dose of 0.5 to 1.5 g every 4 hr. Quinidine sulfate was given at a dose of 200 to 400 mg orally every 6 hr. Disopyramide was given in doses of 100 to 200 mg orally every 6 hr. Phenytoin (Dilantin) was given orally 300 to 400 mg daily after a 1 g loading dose.
Mexiletine was given orally 100 to 300 mg every 8 hr. Aprindine was given orally 100 to 200 mg every 8 hr. Propafenone was given intravenously at a dose of 2 mg/kg. Amiodarone was given orally in a dose of 1400 mg/day for 1 week and then as a daily dose of 200 to 800 mg. The maximum dose of antiarrhythmic agents was determined by the end points of either eradication of clinical or inducible VT, hypotension, QRS prolongation >50% over control, or development of intolerable side effects.
Data analysis and follow-up. Continuous data are expressed as mean + SD. We compared the mode of induction at baseline study and on the antiarrhythmic regimen at discharge. VT was considered "easier"' to induce on discharge antiarrhythmic medication compared with baseline when fewer extrastimuli, longer extrastimulus coupling intervals, and longer paced cycle lengths were used to initiate the tachycardia, and/or when initiation occurred with right ventricular stimulation when left ventricular stimulation was required in the baseline study. Additionally, initiation of VT by rapid ventricular pacing was considered an "easier' form of stimulation than triple extrastimuli based on prior data.'" Follow-up information was obtained at repeat visit to the Arrhythmia Evaluation Center at the Hospital of the University of Pennsylvania, or, when patients lived a long distance from the center, by telephone conversation with the patient and the patient's private physician. Details regarding medication compliance, changes in therapy, recurrence of tachycardia, and death were obtained. Sudden cardiac death was defined as death occurring within one-half hour of the onset of symptoms in a patient free of symptoms during the preceding 24 hr and in whom no other cause of death was discernible. '2 
Results
Clinical characteristics (table 1) . The mean ejection fraction of the group was 30 ± 6.4% (range 20% to 39%). Coronary angiographic studies in nine patients revealed no significant coronary artery disease.
Electrophysiologic testing (table 2) Induction of VT Sustained VT was induced in all 11 patients. Nine of the 11 patients had sustained VT of uniform morphology at initial testing. Two of the nine patients (Nos. 1 and 8) underwent initial testing while on therapy with procainamide for attempted control of intractable VT. In one patient (No. 3) nonsustained VT was induced during baseline study and uniform sustained VT identical to that observed clinically was induced while the patient was on procainamide, the drug taken at the time of clinical arrhythmia presentation. In a second patient (No. 4) VT was not induced in the baseline study. However, stimulation in this patient did not include triple extrastimuli. With the patient on antiarrhythmic therapy (procainamide and aprinidine), uniform sustained VT was induced with programmed stimulation. Spontaneous VT had been previously observed with the patient in the drug-free (15) A amiodarone; Ap = aprindine; Di = disopyramide; F = flecainide; LV = left ventricle; L = lidocaine; M = mexiletine; Ph = phenytoin; P = procainamide; Pro = propranolol; Pr = propafenone; Q = quinidine; recur. = recurrence; V = verapamil.
AIncludes clinical drug failures (VT recurrence or adverse effect requiring drug withdrawal) and drugs tested in electrophysiology laboratory.
BAmiodarone discontinued due to side effects.
CAmiodarone discontinued due to recurrence of VT.
only nonsustained VT was induced with programmed stimulation; one (patient 3) was on quinidine and the other (patient 4) was on amiodarone. The latter patient had a recurrence of VT while taking amiodarone and was placed on aprindine, which did not prevent induction of a slow, hemodynamically tolerated tachycardia.
Additional therapy. Two patients (Nos. 1 and 7) underwent implantation of automatic internal defibrillators; one (No. 7) had also undergone surgical resection and cryoablation (guided by catheter and intraoperative mapping) of the region of earliest electrical activity after the arrhythmia had recurred on all forms of medical therapy, including amiodarone. 14 Although no arrhythmias recurred after surgery while the patient was on quinidine, the defibrillator was implanted because of drug-induced myocardial depression necessitating withdrawal of quinidine therapy. The defibrillator has effectively terminated clinical occurrence of arrhythmias in this patient. In all six patients with either sudden death or recurrence of VT, tachycardia had remained inducible during antiarrhythmic therapy. Of interest was the observation that three of the patients (Nos. 4, 9, and 10) died suddenly while on antiarrhythmic therapy that had resulted in a slower, well-tolerated, induced VT. The one patient (No. 3) in whom induction of sustained VT was suppressed by the discharge medication (quinidine) is alive and has not experienced recurrence of arrhythmia after 31 months of follow-up. Excluding the two patients in whom the baseline study was performed during therapy with procainamide, we analyzed the change in the "ease of inducibility" of VT on discharge medication compared with baseline in nine patients and related the change to recurrence of arrhythmia or sudden death. In eight patients (Nos. 2 to 6 and 9 to 1 1) the method of induction on the discharge medication was less vigorous when compared with that in the baseline study ( easier to induce sustained VT in patients with coronary artery disease, especially those with aneurysms, than in patients with other cardiac diseases. Naccarelli et al.5 studied 37 patients with cardiomyopathy, of whom 30 had dilated cardiomyopathy defined as cardiomegaly and diminished left ventricular contractility. Twenty-five of the patients with cardiomyopathy had clinical sustained VT and only six (24%) had sustained VT induced with a protocol that included single and double ventricular extrastimuli. It is not stated in their report what percentage of the patients with congestive cardiomyopathy had spontaneous, sustained VT, whether the tachycardia was uniform, or how many in this subset of patients had VT induced with programmed ventricular stimulation. Other studies6' 18, 19 of VT have included few patients with dilated cardiomyopathy, and specific details regarding their response to programmed electrical stimulation and definition of disease are lacking.
The reproducible induction and termination of ventricular tachycardia with programmed stimulation, the response to stimulation during VT, and the infrequency with which rapid pacing induced VT support reentry as the mechanism for the arrhythmia. These findings make less likely the possibility that triggered activity caused by delayed after depolarization is the mechanism, although it cannot be totally excluded. 4 2023 Arrhythmia substrate. The anatomic substrate for VT in most patients with chronic coronary artery disease is a large myocardial infarction with subsequent formation of ventricular aneurysm.24 Arrhythmia in most patients with coronary artery disease appears to arise from a subendocardial site25"28 and is amenable to surgical therapy involving subendocardial resection. 14 The substrate for VT in patients with idiopathic dilated cardiomyopathy has not been characterized. However, pathologic studies in patients with congestive cardiomyopathy have confirmed endocardial scarring as a common finding, 8' 29 and it is possible that discrete foci amenable to surgery will be found. One patient (No. 7) in our series underwent surgical excision and cryoablation of the region of myocardium that demonstrated presystolic electrical activity during intraoperative epicardial and endocardial mapping. VT, although inducible postoperatively without antiarrhythmic drugs, became noninducible while the patient was on quinidine. Worsening of congestive heart failure precluded continued therapy with quinidine. An ess would theoretically make recurrences from other areas possible.
Response to antiarrhythmic therapy. We found a particular refractoriness to antiarrhythmic drug therapy in our patients. More importantly, antiarrhythmic drug therapy including amiodarone failed to prevent clinical recurrence or sudden death in six of 11 patients. Alarmingly, sudden death occurred despite demonstration of a slower, well-tolerated VT induced by programmed electrical stimulation in three patients. Although it appeared that "easier" inducibility on the discharge antiarrhythmic medication was associated with a worse prognosis with respect to the occurrence of sudden death and recurrences of VT, the number of patients evaluated precludes any definitive statement. Furthermore, change in the mode of induction has not yet been validated as a predictor of clinical efficacy in any patient population with arrhythmias. Persistent inducibility on antiarrhythmic agents and a high incidence of clinical recurrence or sudden death suggest that an automatic internal defibrillator, with or without surgery, should be considered in this patient population.
Thus, in patients with sustained VT and idiopathic dilated cardiomyopathy, sustained VT can be induced by programmed electrical stimulation and remains inducible despite vigorous antiarrhythmic therapy. Moreover, sudden death can occur despite slowing and improved tolerance of the induced VT. More studies are needed to elucidate the substrate for VT in this patient population and to determine interventions that can improve the poor prognosis. Amiodarone appears to have limited efficacy. Nonpharmacologic therapy should be considered as a primary modality in preventing sudden death. 
